Newton transformed both of them into symbolic figures. One, Newton, embodied the ideal of modern and successful science, firmly based upon experimental data which it subjected to precise mathematical treatment. The other, Descartes, symbolized a reactionary and fallacious attempt to subject science to metaphysics, disregarding experiments and, indeed, replacing them by fantastic and unprovable hypotheses about the behavior of matter. The larter view is, of course, the one propagated by the Newtonians. The Cartesians stated the situation somewhat differently.
I n electromagnetism. the easiest circumstance to treat is the case
In which nothing depends upon time-the static case. All charges are permanently fixed in space: or, if they do move. they move as a steady flow in a circuit (so both the charge density, P, and the current density, j, are constant). In this case, the electromagnetic field breaks into two fields that are not interconnected. The electric field E and the magnetic field B are distinct phenomena so long 3s charges and currents are static.
The rlectrostatic field, a vector field represented by a vector E which does not change with time is due to electric charges represented by the charge density P. If a small region of space contains positive charges, then the field vectors E will emanate from that source: and if a small region contains negative charges, the field vectors will flow to that sink. Therefore, the source points of the field are those for which the divergence is greater than zero, and the sink points are those for which the divergence is less than zero. (Figure 1 maps a vector field of one source and one sink). Mathematically, the divergence of the electrostatic field E is div E = PIE, where the sources are represented by the charge density P, and E() is the electric constant. This fomula is known as Gauss' s law and is one of Maxwell' s four equations. It also relates to the modern theory of seismic wave propagation (to which we shall return after the introduction of a complementary concept).
If the density of an electric current (designated j) through a wire is constant, a staric magnetic field B will surround the wire (Figure 2 ). Magnetic fields make loops around the currents. They do not diverge from a source (there is an electric charge, but there is no magnetic charge), so, in every case, div B = 0 .
However, the magnetic field does have a rotation or curl that is proportional to the current density; that is, Curl is a concept which can also be applied to any vector field. An electrostatic field has sources but no rotation, so in every case, curl E = 0 .
To summarize these concepts-which are of major importance in geophysics-an electrostatic field E may be described as a vector field with a given divergence and zero curl, while a magnetostatic field B has a given curl and zero divergence.
Curl is one of two basic differential operators used on vector fields (the other is divergence which was discussed in BASIC SEIS-MOLOGY 5, June 1989 TLE). The curl is best explained via the socalled work integral.
Work integral is a generic term which applies to any vector field, but the name actually derives from the special case in which the field is a force field. In physics, the quantity known as "work" is defined as the product of the force component in the direction of a path and the length of the path. When the path is straight, this definition can be applied directly. However, in the case of a curved path, things are more complicated: the curve must be broken up into a lot of small straight-line segments; the work along each segment is computed; and all of these are summed. This summation becomes the work integral (in the limit when each segment becomes infinitesimal).
Thus, the work integral is a summation of contributions along any arbitrary curve (not excluding a closed curve) in a vector field. Each contribution is the product of the vector component in the direction of the path multiplied by the path length. When the vector represents force, the work integral is indeed the total amount of work performed in transversing that curve. But the usefulness of this integral is by no means confined to cases where the vector field is a force field. For example, in fluid dynamics, the vector may be velocity ( so it is a velocity field ). If the curve is closed, the work integral actually defines the circulation around that curve. The work integral is a scalar quantity because work is a scalar. The value of the work integral depends, in general, on the curve C but not on the coordinate system used in the evaluation.
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Let Cl and Cz be two closed curves with a common segment (Figure 3 .) Let the work integral be taken around each curve so that the common segment is traversed in opposite directions. Then the contribution to the work integral for each curve is equal and opposite for the common segment. Thus, the sum of the two work integrals is equal to the single work integral over the closed curve which consists of the two original curves less their common segment
The work integral provides the means for defining the curl (Figure 4) . We take a point within a vector field u. At that point, we take a fixed unit vector n and consider any small surface element with this fixed vector as the normal. This small surface element is bound by a small closed curve C. We now define the curl:
Component of curl u in fixed normal direction = work integral of u around closed curve/area within closed curve. Suppose that a bucket of water is rotated about its axis at a constant angular velocity w. This velocity vector points in the direction of the axis and has magnitude denoted by o. At equilibrium, all the water is rotating at this angular velocity, so that each small volume of water is undergoing circular motion (Figure 6 ). Consider a small element of volume at radius r. In time I, this small volume sweeps out an angle WI, so the circular distanct traversed is wtr. Thus the magnitude of its velocity is the distance otr divided by t, or WI. The direction of this velocity is the tangential direction. Denote the velocity vector with this magnitude and direction as u. Now let us find the work integral of the velocity around this circle. Since the velocity vector is tangential to the circular path, the full magnitude or of the velocity is used in computing the work integral. The length of the circular path is 2nr. Thus the value of the work integral is magnitude times distance, 2nr2w.
Because all the water in the bucket is rotating at constant angular velocity, we would expect the curl of the velocity vector to be the same everywhere. This is indeed the case; that is, curl u = constant. Moreover, we would expect that the curl would point in the same direction as the axis of rotation, and this is also the case. Now let us consider the flux of the curl across the given circle of radius r. This flux integral is equal to the summation of the curl times the small area elements making up the circle. Since the curl is a constant, this summation reduces to simply the magnitude of the curl times the area of the circle, flux of curl u = 1 curl u 1 (nr*).
Stokes theorem says that the work integral and flux are equal or, 2nr*w = nr* 1 curl u 1 .
Since both o and curl u point in the same direction, this result gives (upon cancellation of nr2) w = l/2 curl u.
If we put a small paddle wheel in the water, the small wheel would start to spin because the impinging water would exert a net torque on the paddle (Figure 7) . Moreover, the paddle wheel would rotate most quickly with its axis pointing in the direction of the curl (namely, the direction of the axis of the bucket). Furthermore, the paddle wheel rotates with the same angular velocity for every point in the bucket (which illustrates the constant value of the curl in this case).
The curl of any vector u represents the tangential motion of the vector u. This tangential motion is traditionally called the rotation vector w and defined w = l/2 curl u due to the reasoning illustrated in the bucket example. The curl records the direction and magnitude of the maximum circulation at a given point.
T he vector concepts of div and curl were discussed in this series because they are required to define a seismic wavefield. Particle motion is described by a displacement vector u, which represents the oscillation of a tiny rock particle. The wavefield allows two kinds of motion -motion in the normal direction (the stretching and shrinking of the particle) and motion in the tangential direction. Normal motion is given by dilatation which is equal to div u and rotational motion is proportional to curl u. When these concepts are combined with Hooke' s law (described in a previous article), it can be shown that dilatation A and rotation o propagate separately, as distinct seismic waveforms. E.
